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ABSTRACT 
 
The aim of this research was to investigate the effect of window openings on the daylight 
and solar radiation penetration into rooms of small type houses. Various of window sizes 
and orientations have been investigated by computer simulation technique. The house type 
of 36 has been selected as the model for this study. The simulations of daylight penetration 
were carried out under overcast sky condition, while the simulations of solar radiation 
penetration were under all sky conditions during one year period. The results of daylight 
study showed that window opening 10% WFR satisfy the light level of 120 lux for 
bedrooms. However, window with 15% WFR is required to bring daylight level of more 
than 120 lux into the living room. The differences of window openings requirements 
between bedroom and living room were due to the difference of the size of shading devices. 
The living room has wider shading device than the bedroom, which blocked more light. For 
the solar radiation study, the results showed that orientation plays significant impact on 
solar radiation penetration in the room with a narrow shading device. However, orientation 
has no significant impact on the solar radiation penetration in the well shaded room. 
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I. INTRODUCTION 
Energy requirements in buildings are mostly affected by the lighting, ventilation and 
air conditioning systems. Building use natural lighting and ventilation systems of 
course will use far less energy than buildings use artificial systems. Artificial systems 
not only use large electrical energy but also affect the global warming impact on 
climate change. This is because the electrical energy generated from the combustion 
of fossil fuels or oil will result in the release of CO2 gases which is the largest 
component forming the Green House Gas (GHG) emission.  
Natural lighting has become an integral part and has a very important role in the 
architectural design, especially in the design of energy-efficient architecture. Natural 
light that comes from the sun, sky light and the light reflected by the architectural 
elements are very useful lighting source which will reduce the use of artificial light in 
general use electricity generated by burning fossil fuels. The use natural light in 
Indonesia is supported by the availability of natural light during the day throughout 
the year. This is caused by the geographical location of Indonesia in the equatorial 
region.   
Unfortunately, most of the building designs do not take advantage of this strategic 
location. Many buildings were not designed optimally to utilize natural light. This 
was mostly due to lack of knowledge of the architects in the design of natural lighting 
and the lack of natural lighting design standards were based on daylight availability in 
Indonesia. The architects mostly used rule of thumb. For example, the window sizes 
are determined by using the percentage of window to the floor area or window to 
floor ratio (WFR). The common window size uses in architectural practice for 
habitable room is 10% WFR.  However, the application of this common rule has not 
been investigated yet for buildings located in Indonesia which has a plenty of natural 
light.  
The window has a very important role in the natural light entering the room. The 
larger the window openings the more natural light to enter the room. But the problem 
is that, at the same time the incoming solar radiation would also be higher. This will 
make people feel too hot (uncomfortable). To make people comfortable, we need a 
cooling system which cooling down the interior temperature. Of course, this will 
require more energy.  
The aim of this study was to determine the extent of minimal window openings that 
can meet the needs of natural light without increasing the penetration of solar 
radiation into the room. This will contribute to the effort of minimizing the global 
crisis which reduce the energy use and consequently reduce the carbon emission. 
 
II. EXPERIMENT METHODS 
 
The research was carried out in the Laboratory of Building Science and Technology, 
Department of Architecture, Faculty of Engineering, Hasanuddin University. The 
research was conducted using computer simulation methods. The object under study 
is a residential building design which were found in some housing estate in 
Makassar. In this study, the selected case was a small type of housing i.e. Type 36. 
The plan and 3D of the case building is presented in the Figure 1. The simulations of 
3D models were calculated by using RADIANCE and ECOTECT programs. 
 
   
 
Figure  1. Case Building (House Type 36): Plan (left) and 3D (right) 
                        
 
Figure  2. Locations of daylight and solar radiation sensors 
 
RADIANCE is a computer simulation program that is used to calculate the lighting 
quality of building. The computer program was developed at LBNL, Berkeley, USA 
(Larson & Shakespeare, 1998). This lighting simulation program is a very widely 
used in offices consultants and research (Christoph F Reinhart & Fitz, 2004). The 
accuracy of the program has been proven by several researchers in different parts of 
the world (Baharuddin, 2009; Li, Lau, & Lam, 2004; J. Mardaljevic, 2000; J 
Mardaljevic, 2004; Christoph F. Reinhart & Walkenhorst, 2001).  
ECOTECT  is a complete building simulation and environmental analysis tool that 
covers a whole range of simulation and analysis capability such as sun-shading and 
solar radiation analysis, lighting and daylighting design, thermal analysis, acoustic 
analysis, and so on. It can also be used to interface with other sophisticated 
simulation tools, such as RADIANCE, DAYSIM, ENERGYPLUS, etc. Daylighting 
analysis in ECOTECT is very limited, as it is only able to perform the daylight factor 
(DF) calculation which is based on CIE Overcast sky. In order to achieve more 
accurate daylight analysis, the model should be exported to RADIANCE or 
DAYSIM using the RADIANCE/DAYSIM export command. In this study, the 
ECOTECT will be used for the sun-shading/sunlight analysis, thermal comfort/solar 
radiation analysis. It will also be used for the conversion of geometric data of the 
models for RADIANCE/DAYSIM simulation (Marsh, 2006). 
Simulation will be conducted with the following procedures: 
1. Preparation of 3D-drawings of the model was done directly on the ECOTECT 
software. Three models, representing three size window openings which were 
10%, 15% and 20% WFR (Window Floor Ratio). 
2. Setting the parameters of a 3D drawing, which includes: window types and 
materials (light transmission properties), coefficient of reflection of the walls, 
ceilings and floors. 
3. RADIANCE was used for daylight calculation, while ECOTECT was used for 
the calculation of solar radiation. 
4. Simulating the natural lighting condition. The 3D models were exported to 
RADIANCE software. The simulations were carried out under worst case 
scenario using overcast sky condition (John Mardaljevic, 1998). The parameters 
used in the rtrace calculation can be seen in Table 2. While the properties of the 
materials used are listed in Table 3. 
5. Simulating the solar radiation penetration. The 3D models used in this simulation 
were the same as the ones used for natural lighting calculation. The simulations 
were carried out by using ECOTECT for a duration of one year (January 1 to 
December 31) using weather data of Makassar.  
6. Natural lighting and solar radiation penetration is calculated on each 25 points for 
each room, as illustrated in Figure 2 (right). 
Data obtained through simulations were analyzed using Microsoft Excel software  
to find out the minimum area required for lighting window without adding the 
burden of excessive radiant heat to any room. For the minimum standards of 
natural light for bedrooms and living areas selected each light intensity 120-250 
lux and 120-150 lux for bedrooms and living rooms, respectively (SNI, 2000). 
   
Table 2:  Parameter used for rtrace calculation 
Parameter Description Accuracy 
-ab ambient bounces 5 
-aa ambient accuracy 0.15 
-ar ambient resolution 256 
-ad ambient divisions 1024 
-as ambient sampling 512 
Source: (Jacobs, 2008) 
Table 3:  Material properties 
Materials Reflection  (%) 
Transmittance 
(%) 
Wall 60 0 
Ceiling 80 0 
Floor 40 0 
Glazing 10 80 
 
The simulations of solar radiation have been carried out during one year using 
weather data gathered from Meteonorm (Meteotest, 2011). The simulations were 
calculated daily from 8:00AM to 5:00PM. The solar radiation data are summarized in 
Table 1. 
 
 
 
 
 
Table 1.  Global solar radiation data (Wh/m2) for Makassar in 2005 
Source: (Meteotest, 2011) 
           Time Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
06:01-07:00 24 12 16 27 25 20 14 21 64 107 110 56 
07:01-08:00 121 133 166 232 201 210 198 221 269 296 295 171 
08:01-09:00 255 252 324 430 387 401 390 418 459 474 467 288 
09:01-10:00 334 374 452 603 562 558 551 573 629 632 608 392 
10:01-11:00 397 447 578 710 673 669 662 707 751 743 715 429 
11:01-12:00 395 486 633 731 713 713 731 744 766 765 657 421 
12:01-13:00 380 525 668 718 721 738 746 761 778 792 627 422 
13:01-14:00 364 476 591 674 636 673 695 711 739 753 568 435 
14:01-15:00 310 403 513 564 506 544 584 594 629 602 460 344 
15:01-16:00 232 309 372 421 349 406 443 433 462 416 328 255 
16:01-17:00 137 202 240 242 197 224 262 250 251 223 180 150 
17:01-18:00 47 77 78 47 23 28 51 63 34 27 19 45 
Total 2996 3696 4631 5399 4993 5184 5327 5496 5831 5830 5034 3408 
 
III.    RESULTS AND DISCUSSION 
3.1     Daylight Penetration 
Summary of natural lighting simulation results obtained using RADIANCE can be 
seen in Table 3. As shown in Table 3, the area of the windows 10% WFR satisfy the 
minimum requirement of 120 lux. However, if the bedroom is used also for other 
activities such as reading or writing, the minimum window size required was 15% 
WFR. For the living room, window with 10% WFR did not satisfy the minimum 120 
lux. To meet this minimum light level (standard) the area of window should be 
increased to 15% WFR. If the living room also serves as a family room or working 
area, the minimum light levels required for these activities is 250 lux. This required 
window area of more than 20% WFR. The difference requirements of window area 
between living room and the bedroom to produce the same daylight level due to the 
depth of shading devices. These shading devices blocked some portion of light 
entering the interior. The depth of shadowing element for bedrooms was 80 cm 
compared to the living room which was 180 cm.   
Table 4:   Summary of daylight distribution results (lux) 
 
Daylight distribution (lux) 
Rooms 10% WFR 15% WFR 20% WFR 
Bedroom 1 172.4 254.7 334.1 
Bedroom 2 150.7 219.4 295.4 
Living Room 104.7 152.6 211.9 
 
3.2   Solar radiation Penetration 
Table 5-7 shows the average daily solar radiation received at working plane (70 cm 
above floor) inside Bedroom 1, Bedroom 2 and Living in four different window 
orientations. From the three tables, it is clear that the larger the window openings the 
higher penetration of solar radiation. The minimum daily average solar radiation was 
found in Living Room with 10% WFR i.e. 424.39 Wh/m2, while the maximum one 
(531.37Wh/m2) was found in Bedroom 1 with 20% WFR.   
Table 5.  Simulation results of solar radiation in Bedroom 1  
Window 
orientation 
Solar radiation (Wh/m2/day) 
10% WFR 15% WFR 20% WFR 
South 443.64 460.68 476.09 
East 457.15 485.16 506.14 
North 451.80 474.94 495.90 
West 471.44 502.91 531.37 
 
Table 6.  Simulation results of solar radiation in Bedroom 2 
Window 
orientation 
Solar radiation (Wh/m2/day) 
10% WFR 15% WFR 20% WFR 
South 438.23 452.68 466.72 
East 450.74 471.30 487.96 
North 447.32 467.24 484.13 
West 466.32 495.47 520.90 
 
Table 7.  Simulation results of solar radiation in Living Room  
Window 
orientation 
Solar radiation (Wh/m2/day) 
10% WFR 15% WFR 20% WFR 
South 424.92 430.68 444.26 
East 424.39 432.81 457.27 
North 431.41 438.24 466.89 
West 430.97 439.92 450.17 
 
The highest average daily solar radiation in Bedroom 1 was occurred in West 
orientation. The average daily solar radiation for a window with an area of 10% WFR 
was 471.44 Wh/m2. It increased to 502.91 Wh/m2 and 531.37 Wh/m2 for window 
with 15% and 20% WFR, respectively. This suggests that solar radiation increased by 
about 6% for every 5% increase of WFR (Table 5). Similar performance also found 
in Bedroom 2, where the largest solar radiation obtained in West orientation. The 
average daily solar radiation in the Bedroom 2 for window 10% WFR was 466.32 
Wh/m2. It increased to 439.92 Wh/m2 and 520.90 Wh/m2 for windows with 15% 
and 20% WFR, respectively. This indicates that solar radiation increased by 
approximately 6% for every 5% increase of WFR (Table 6). Interestingly, the highest 
solar radiation was found in North orientation. The average daily solar radiation data, 
in this orientation, were ranging from 431.41 Wh/m2 to 466.89 Wh/m2. Solar 
radiation increased about 2% for every 5% increased of window size (Table 6). 
 
3.3   Discussion 
The size of window openings greatly affects the penetration of natural light and solar 
radiation in the room. The bigger the size of window openings is, the greater 
penetration of natural light and solar radiation that enters the room. Simulation results 
showed that the area of window openings by 10% WFR will provide enough natural 
light in the bedroom, but if other activities such as reading/working take place also in 
bedroom the size of window openings should be increased to 15% WFR. For the 
living room, because of the shadowing element (terrace) is needed extensive window 
openings by 15% WFR. But if the living room is also ongoing reading / office, it 
should be wide window openings increased to 20% WFR.  
Penetration of solar radiation will be greater if the size of window openings is bigger. 
But the percentage of increase are varies, depending on the shading elements which 
blocked some portion of solar radiation entering the interior. For the shading element 
(roof) of about 80 cm wide, the increased of window size 5% WFR resulted in the 
penetration of solar radiation by 6%. For a room with a shading element (roof) of 180 
cm wide, the increased of window openings by 5% WFR produced the increased of 
solar radiation penetration by about 2% only.  
The effect of window orientation to the solar radiation penetration also has the same 
pattern. For room with small shadowing element (80 cm), the East and West 
orientations result in high solar radiation penetration. But for a room with a large 
shadowing element (180 cm), the orientation did not give a significant effect on the 
penetration of solar radiation.  
IV.    CONCLUSION AND RECOMMENDATION 
 
It can be concluded that the area of window openings greatly affect the penetration of 
natural light and solar radiation in the room. The more expansive window openings, 
the greater penetration of natural light and solar radiation enters the room. The 
minimum window opening of 10% satisfies the minimum requirement of natural light 
in the bedroom. While a minimum window opening of 15% is required in the Living 
Bigger size of window required for Living room is due to the shadowing effect of 
roof which blocks more daylight and also solar radiation in entering the interior 
space.  Penetration of solar radiation in the bedroom is strongly influenced by the 
orientation of the room. Windows oriented to the East and West will gain more solar 
radiation. As for the living room, the orientation of the room did not give significant 
effects.  
It is recommended to conduct further research which involve more samples (different 
type of houses). In addition, these studies should include variables such as location of 
windows, the proportion between the width and length of the room, various 
shadowing elements. 
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